ABSTRACT The transition of the bacterial community structure and predominant bacteria in the ceca of chicks from hatching to 2 wk of age was investigated using denaturing gradient gel electrophoresis with the 16S ribosomal RNA gene, followed by phylogenetic analysis. The results demonstrated that most of the cecal bacterial flora from hatching to a few days old consisted of Escherichia coli (sequence similarity: 100%), and the floral diversity was still low 2 wk posthatch. These findings will help contribute to the development of a novel competitive exclusion product.
INTRODUCTION
An understanding of the dynamics of bacterial community structure in the chicken intestine is essential for selection of diets for optimal nutrition, effective treatment of enteric pathogens, and the development of competitive exclusion (CE) products to prevent or limit the colonization of pathogenic bacteria in the intestine (Nurmi and Rantala, 1973) . Development of CE products comprising several isolated bacterial strains would be aided by knowledge of intestinal ecology of the young chick and its transition over time. Extensive investigations of the bacterial flora in the chicken intestine have been performed using selective plate media (Ochi et al., 1964; Smith, 1965) ; however, conventional culture methods have certain critical problems. The number of colonies on a plate is inconsistent with the actual number of anaerobes present in the intestine because of technical limitations. Some bacteria are difficult to culture or are nonculturable and highly sensitive to oxygen. In addition, further screening of bacteria on selective medium and additional analyses are essential.
Recently, molecular approaches based on 16S ribosomal DNA or ribosomal RNA such as clone library construction, terminal RFLP, and denaturing gradient gel electrophoresis (DGGE) or temporal temperature gradient gel electrophoresis (TTGE) analyses have been applied to investigate intestinal bacterial flora in chickens (gong et al., 2002; Lan et al., 2002; Zhu et al., 2002; Lu et al., 2003; Ricke et al., 2004) . To study the bacterial diversity in detail, these analytical methods appear to be more suitable because no laboratory cultivation is required. Of these techniques, DggE (or TTgE) is outstanding for detecting the differences in genes at the level of single base pair and for visualizing changes in band patterns representing the bacterial community (Fischer and Lerman, 1983; Zhu et al., 2002; Ricke et al., 2004) . These characteristics suggest that the DggE (or TTgE) method will be of significant importance in the development of new CE products. More specifically, it may be effective in searching for bacteria against enteric pathogens (e.g., Salmonella spp.) based on a comparison of the transition of cecal bacterial flora in newly hatched chicks administrated a prototype CE product versus untreated chicks. Studies on the intestinal bacterial flora of chicks using the DggE and TTgE methods have been reported (van der Wielen et al., 2002; Zhu et al., 2002; Hume et al., 2003) ; however, such reports have so far involved comparisons between band patterns at different stages, with a lack of detailed information over the period from hatching to 2 wk.
In the present study, the transition of the bacterial community structure and the predominant bacteria in the ceca of chicks from hatching to 2 wk of age were investigated using DggE and phylogenetic analysis. The aim of this study was to obtain information on what kind of bacteria colonize the ceca of newly hatched chicks and how bacterial flora may change with aging. These results will help contribute to the development of new CE products. O, 0.001 g of resazurin, 0.5 g of l-cysteine HCl·H 2 O, 0.5 g of l-ascorbic acid, 4 g of Na 2 CO 3 , and 0.5 g of agar in 1 L, pH 6.5] under Hungate anaerobic gassing system with 100% CO 2 , and then stored at −80°C until use for DNA extraction. This cecal suspension was examined by conventional culture methods (Ochi et al., 1964; Smith, 1965) , which allow the detection of the obligate anaerobes such as Bacteroides.
MATERIALS AND METHODS

Chicken, Management, and Sampling
DNA Isolation
Total DNA was extracted from 10-mg cecal content samples using a QIAamp DNA stool kit (Qiagen, Valencia, CA) in accordance with the manufacturer's protocol for pathogen detection using the method for lysing gram-positive bacteria, except for the use of 50 μL of elution buffer (buffer AE) instead of 200 μL. We confirmed that DNA of gram-positive bacteria, such as enterococci and streptococci, as well as gram-negative bacteria could be isolated efficiently by this method (data not shown). Extraction of DNA from daily samples was performed in triplicate, and the extracts were mixed in equivalence.
PCR Amplification
Using the extracted bacterial DNA, 16S ribosomal RNA gene amplification was performed by PCR using the following primers to amplify the V3 to V5 regions of the bacterial 16S ribosomal RNA gene: 357F-gC (5′-CgCCCgCCgCgCgCggCgggCggggCgggggCACggggggCCTACgggAggCAgCAg-3′; the 357F primer was used to add a 40-nucleotide gCstretch sequence at the 5′ end) and 518R (5′-gTATTACCgCggCTgCTgg-3′; Mahmood et al., 2006) , with 3 μL of bacterial DNA solution (triplicate mixture) as a template. The PCR reactions were performed at a volume of 20 μL using goTaq green Master Mix (Promega, Madison, WI) under the following touchdown PCR conditions: 94°C for 5 min; 20 cycles of 94°C for 1 min, 65°C for 1 min, and 72°C for 1 min, with a stepwise decrease of 2°C after every second cycle; and 5 cycles at 94°C for 1 min, 55°C for 1 min, and 72°C for 1 min. The presence and yield of PCR products were Figure 1 . Transition of the bacterial community structure in the chick ceca with aging. A) Denaturing gradient gel electrophoresis (DggE) patterns of bacterial 16S ribosomal RNA genes. Bands B1 to B20 were excised and sequenced (see Table 1 ). Under each lane in the DggE image, band images obtained by agarose gel electrophoresis are given. Lanes: M, DggE size marker; 0 to 14, age of chicks (d). B) Number of 16S ribosomal RNA gene amplicons in the ceca shown in Figure 1A .
assessed using agarose gel electrophoresis and DggE (each employed 10 μL of PCR reactant).
DGGE Analysis
The PCR products were analyzed using the DCode Universal Mutation Detection System (Bio-Rad, Hercules, CA). Polyacrylamide gel (8%) containing gradients of 30 to 60% denaturant (100% denaturant corresponds to 7 M urea and 40% formamide) was prepared using a gradient maker (Nihon Eido, Tokyo, Japan). The gel to which DNA samples was applied (10 μL of PCR reactant/lane) was run for 5 h at 130 V at 60°C in 1× TAE (40 mM Tris-acetate, 1 mM EDTA; pH 8.0) buffer. After electrophoresis, the gel was stained with SYBR gold (Invitrogen, Carlsbad, CA) nucleic acid gel stain, and band images were detected using a UV transilluminator (UVP, Upland, CA).
Cloning and Sequencing
The major bands were excised with a sterile razor, and the DNA was eluted by incubating a gel slice in TE (10 mM Tris-HCl, 1 mM EDTA; pH 8.0) buffer at 4°C overnight. The eluted DNA was purified using Wizard SV gel and a PCR Clean-UP System (Promega), and then used as a template for the following PCR reamplification with primers 357F (5′-CCTACgggAggCAgCAg-3′) and 518R under the conditions described above. The reamplified 16S ribosomal RNA gene was ligated into the pgEM-T Easy Vector (Promega), and then the plasmids were introduced into Escherichia coli DH5α. For confirmation of bands of interest, the 16S ribosomal RNA gene in the plasmid was amplified by PCR using primers 357F-gC and 518R, followed by DggE analysis. The 16S ribosomal RNA gene on the purified plasmids was sequenced using primers M13F and M13R (Yanisch-Perron et al., 1985) with the BigDye Terminator Cycle Sequencing Kit (Applied Biosystems, Foster City, CA) according to the manufacturer's instructions. Sequences were then analyzed using an Applied Biosystems 3100 genetic Analyzer. The sequencing data were edited using genetyx software (version 7, genetyx Corp., Tokyo, Japan) and, to determine sequence similarity, were analyzed by a Blast search using the National Center for Biotechnology Information database (http://www.ncbi.nlm. nih.gov/Database/).
Phylogenetic Analysis
A phylogenetic tree consisting of the DggE bands and the most similar 16S ribosomal RNA gene sequences from the National Center for Biotechnology Information database was constructed by neighbor-joining analysis using Clustal X 2.0 (Larkin et al., 2007) and Tree View software (http://taxonomy.zoology.gla. ac.uk/rod/treeview.html). Band patterns were converted to peak profiles of densitometric curves using the image analysis program ImageJ (National Institutes of Health, Bethesda, MD). The total number of bands per day was then counted using these peak profiles.
RESULTS AND DISCUSSION
For examination of the transition of the bacterial community structure and the predominant bacteria in the chick ceca with aging, the DggE method was applied using amplicons of the V3 to V5 region of the bacterial 16S ribosomal RNA gene. The diversity of bacterial flora in the ceca of 0-to 14-d-old chicks was very low (the number of major DggE bands ranged from 4 to 31 during aging), although both the number of DggE bands and the signal intensity of the bands on agarose gel electrophoresis gradually increased (Figure 1) . Until 4 d of age, the kinds of bacteria occupying the ceca were particularly limited, with bacterium represented by band B2 (a relative of E. coli) composing the majority (Figure 1 ; Table 1 ). This finding is consistent with previous reports in which the ceca of 2-to 4-d-old chicks was investigated using conventional culture methods (Ochi et al., 1964; Smith, 1965) and our examination using the same methods (data not shown). However, streptococci, the predominant bacteria described in previous reports, were undetected using the DggE method. As subdominant bacteria, those Figure 1 . A) Phylogenetic tree of bacterial 16S ribosomal RNA genes obtained from 3-d-old chicks. B) Phylogenetic tree of bacterial 16S ribosomal RNA genes obtained from 14-d-old chicks. The tree with Lactobacillus casei (accession no. FJ476122) as the outgroup was constructed by neighbor-joining analysis using Clustal X (Larkin et al., 2007) and Tree View (http://taxonomy.zoology.gla.ac.uk/rod/treeview.html) programs. Bootstrap values (based on 1,000 trials) are shown at nodes. Scale bar represents 0.1 nucleotide substitutions/site.
represented by bands 4 and 5 (a relative of Lachnospiraceae bacterium and Clostridium paraputrificum) were detected from 1 to 5 d of age. This result is similar to a recent report using a molecular approach, TTgE, in which cecal contents of 1-d-old chicks comprise a few bacteria (Enterococcus faecium, Clostridium, and E. coli) and no streptococci (Zhu et al., 2002) . After 4 d of age, various bands began to appear (e.g., band B11, a relative of Clostridium orbiscindens) and the signal intensity of bands B2, B4, and B5 gradually decreased or disappeared.
For examination of the predominant bacterial groups in the chick ceca, phylogenetic analysis by comparison with bacterial 16S ribosomal RNA gene sequences showed that the flora mainly consisted of the groups Firmicutes (mainly Lachnospiraceae and Clostridiaceae) and γ-Proteobacteria (Enterobacteriaceae), with no great diversity from 0 to 14 d of age (Figures 1 and  2 ). On the other hand, it was interesting that even among closely related species, the time occupying the ceca differed (for example, bands B2 and B14: relatives of E. coli). Prior to the present study, similar results were obtained using chick ceca from hatching to 5 d of age, revealing the predominance of relatives of E. coli and the low overall diversity (data not shown). Some reports on cecal flora of chicks using other molecular approaches, clone library method and PCR using group-and species-specific primers, differ somewhat from our findings in the following respects: the cecal flora of chicks is dominated by Clostridiaceae, whereas γ-Proteobacteria is far fewer and not low diversity (Lu et al., 2003) , or cecal contents of chicks have an abundance of enteric pathogens (Amit-Romach et al., 2004) . This reason seemed to be mainly attributable to rearing environment and feed. In addition, PCR bias by using a different primer set may have also contributed to these differences.
The present study suggests that the DggE method is useful for the investigation of the transition of the bacterial community structure and the predominant bacteria in the chick ceca with aging. To date, no study has investigated the cecal bacterial flora in chicks at daily intervals using the DggE method. This study is the first to visualize the instability of cecal bacterial communities by DggE analysis using bacterial 16S ribosomal RNA genes.
The present results show that the predominant bacteria colonizing the chick ceca from hatching to a few days old were related to E. coli, and bacterial diversity remained low through d 14. This reinforces that chicks can be easily infected with enteric pathogens such as Salmonella spp., as previously reported (Nurmi and Rantala, 1973 ). The CE products described by Nurmi and Rantala (1973) are cultures derived from the cecal contents of specific-pathogen-free birds, including several nonculturable and obligately anaerobic bacteria. Because it is difficult to obtain approval from regulatory agencies for products for such undefined cultures, the development of defined products is an urgent necessity. The present results obtained by DggE analysis as well as the analytical method itself will help contribute to the development of new CE products consisting of defined bacterial cultures as a comparison for selection, isolation, and investigation of cecal colonization and influence on cecal flora of CE bacteria.
